The objective was to assess the influence of a cardiac rehabilitation training session on blood pressure measured shortly after exercise and during the subsequent 24 h in patients with stable coronary artery disease. Blood pressure was measured conventionally and by use of 24-h ambulatory blood pressure monitoring in seven men, mean age 53 ؎ 8 (s.d.) years, after participation in a cardiac rehabilitation session and, in randomised order, on a non-exercise control day. Conventional blood pressure averaged 112 ؎ 7/77 ؎ 5 mm Hg in the sitting position on the control day and was not different at the same time of the day shortly after the
Introduction
Dynamic aerobic exercise is commonly followed by postexercise hypotension. 1 This has mainly been observed in normotensive subjects [2] [3] [4] [5] and in patients with hypertension. 2, 4, [6] [7] [8] [9] Postexercise hypotension has mostly been studied in standardised laboratory conditions during short periods of time, typically lasting from 1 to 2 hours. [2] [3] [4] [5] [6] [7] [8] [9] Few authors evaluated whether the lower blood pressure would be sustained during subsequent activities of daily life. [10] [11] [12] [13] [14] Ambulatory monitoring or self-measurement of blood pressure, from 12 up to 24 h postexercise, revealed that normotensive subjects had comparable blood pressure on the day they exercised than on a non-exercise control day. [10] [11] [12] 14 Similar results have been obtained in hypertensives, 11, 13 but other studies 10, 12, 14 observed that hypotension was sustained for about 5 to 13 h after exercise. Studies in coronary artery disease concentrated on blood pressure measured during 3 to 5 min after exercise testing in order to improve the detection of ischaemia or to assess disease severity, [15] [16] [17] [18] [19] [20] but we found no studies on the effect of a single bout of aerobic exercise or rehabilitation exercise training on blood pressure during longer periods of time and certainly not for 24 h after exercise in patients with coronary artery disease. An increasing number of cardiac patients are participating in rehabilitation programmes, in which the exercise intensity may be rather high. 21, 22 The occurrence of hypotension after a rehabilitation session could be of concern, but has not been studied.
The present study was designed to assess the influence of a cardiac rehabilitation training session on blood pressure, measured shortly after the exercise session and during the subsequent 24 h, by use of non-invasive intermittent ambulatory blood pressure monitoring. This in order to establish whether blood pressure postexercise differs from that in a control situation in patients with coronary artery disease, and if so, to what extent and for which duration.
Material and methods
Patients were randomly chosen from a male population referred to the Cardiovascular Rehabilitation Centre in order to participate in the 6-month outpatient cardiac rehabilitation programme. Seven male patients, with an average age of 53.3 ± 8.1 years, all known with coronary artery disease, gave informed consent to take part in this study. Height averaged 177 ± 8.3 cm and weight 76.4 ± 8.7 kg. The patients had a history of myocardial infarction (n = 2), coronary surgery (n = 1) or both (n = 2) and one had undergone percutaneous transluminal coronary angioplasty; the remaining patient had been referred for stable angina pectoris, but was asymptomatic during the rehabilitation sessions. None of the patients had hypertension, congestive heart failure or symptoms of angina. Treatment consisted of betablocking agents (n = 7), calcium antagonists (n = 3), digitalis (n = 1), acetylsalicylic acid (n = 4) and/or anticoagulants (n = 1); none of the patients took nitrates. The physical training programme has been designed so that patients would exercise indoors for two consecutive periods of 3 months, three times weekly during the first, and twice weekly during the second period, for a total duration of 75 min for each exercise session. 21 The subjects were studied twice to assess the effect of a rehabilitation session on postexertional blood pressure. They were randomised to either an 'exercise first, control second' or a 'control first, exercise second' protocol. The two investigations were performed at the same time of the day, on the same day of the week of two consecutive weeks. The subjects were instructed to engage in normal daily activities and to avoid strenuous exercise the 48 h preceding the investigation and during the 24-h monitoring. The patients were asked not to change their diet and medication during the study period.
On the 'exercise' day the subjects carried out the regular rehabilitation exercises from 10.30 to 11.45 in the morning. The exercise intensity was attuned to 60-80% of the measured maximal exercise capacity for each patient. The exercises consisted of stationary cycling, rowing, armwork, running and predominantly dynamic calisthenics and were followed by 10 min relaxation in the supine position. Thereafter the subjects freshened up for a few minutes and assumed the sitting position for 5 min. Systolic and diastolic blood pressure were then measured five times in this position and three times in the standing position using a mercury column sphygmomanometer, at a rate of one measurement per minute. Inquiries were made with respect to any signs of impending orthostatic syncope during measurement procedures. Data are presented as means of the five measurements in the sitting position and of the three measurements in the standing position.
Thereafter a 24-h non-invasive ambulatory blood pressure measurement was initiated. The measurements commenced at 12.00, with the use of the Spacelabs model 5200 system (Spacelabs, Redmond, WA, USA). The monitor was programmed to measure blood pressure and heart rate automatically with an interval of 15 min between 06.00 and midnight, and with an interval of 30 min between midnight and 06.00. Again the subjects were instructed to perform their daily activities, to abstain from strenuous exercise and to return the next day for removal of the monitor. All blood pressure measurements were performed with an appropriate cuff fastened to the left arm.
On the 'control' day the subjects abstained from physical exercise including rehabilitation and were present 30 min before measurements to accomplish a relaxed status in the upright position. The measurement procedures were further performed identical to those on an 'exercise' day. The participants were asked to maintain the same physical activities as after a regular rehabilitation session.
Results are reported as means and standard deviation (s.d.). The significance of differences between exercise and control periods was assessed by using the paired Student's t-test.
Results

Sitting blood pressure
Systolic and diastolic blood pressure after 5 min sitting rest averaged 111.2 ± 8.0/78.7 ± 5.9 mm Hg in the postexercise period and were not significantly different from blood pressure on the control day, ie, 112.2 ± 6.9/77.3 ± 4.9 mm Hg.
Standing blood pressure
Standing blood pressure averaged 118.5 ± 7.6/ 82.7 ± 5.6 mm Hg on the control day and 110.6 ± 7.8/82.8 ± 8.3 mm Hg after the rehabilitation session. Whereas diastolic pressure was similar in the two conditions, systolic blood pressure was significantly lower by 7.8 ± 4.3 mm Hg (P Ͻ 0.005) in the postexercise period compared to the control situation. When inquiries were made in that respect, none of the subjects had any signs of impending orthostatic syncope during measurement procedures. Figure 1 shows systolic blood pressure, diastolic blood pressure and heart rate in the control and postexercise period, averaged per hour from the data of the seven subjects, and plotted over 24 h. The patterns were similar in the two 24-h periods. Table 1 summarises the results from three time periods that were evaluated (12.00 to 22.00; 24.00 to 06.00 and 08.00 to 12.00). As the systolic blood pressure, diastolic blood pressure and heart rate are clearly lower at night during sleep than during daytime, the data gathered during the transitional periods from 22.00 to 24.00 and from 06.00 to 08.00 have been left out. Data are presented as means and standard deviations of all measurements per time period. 23 The probability levels of differences are given. The systolic blood pressure, diastolic blood pressure and heart rate in the above-mentioned time periods were not significantly different in the control and postexercise period.
Ambulatory blood pressure monitoring
Discussion
The main findings of the present study are that: (1) sitting blood pressure measured shortly after the end of a cardiac rehabilitation session was not different from blood pressure measured in the same conditions on a non-exercise day; (2) that exercise led to a lower blood pressure in the standing position, which was, however, not associated with orthostatic symptoms; and (3) that the lower blood pressure was not sustained during activities of daily living for the Figure 1 Systolic blood pressure, diastolic blood pressure and heart rate in the control and postexercise period, averaged per hour from the data of the seven subjects and plotted over 24 h. (SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate.) rest of the day, not even during the first hour after application of the monitoring device. These results were obtained in middle-aged men with stable coronary heart disease and normal blood pressure, without symptoms of angina or evidence of congestive heart failure and while taking their usual medication.
The results in the immediate postexercise period differ from studies in healthy normotensive volunteers 2, 4 and otherwise healthy hypertensive patients, 2, 4, [7] [8] [9] which did observe a significant decrease in blood pressure measured in the sitting position after exercise. Divergent findings could be due to differences in the exercise protocols, which
Journal of Human Hypertension involved standardised bicycle or treadmill exercise at fixed intensity in laboratory studies vs intermittent efforts of variable type and intensity in the cardiac rehabilitation programme. The time that elapsed between the last bout of exercise and the first blood pressure measurement has also to be taken into account. Divergent findings could also be due to age differences as hypotension after exercise primarily occurs in young adults, and is less common in older subjects. 24 Furthermore the results in patients with coronary heart disease may differ from those of other subjects because of their medical treatment and because postexercise blood pressure appears to be influenced by the extent of coronary heart disease and of the possible exercise-induced impairment of left ventricular function. [15] [16] [17] [18] [19] [20] The lower blood pressure on standing on the exercise day compared to the control day is compatible with the observation that orthostatic tolerance is impaired during the first half hour of recovery after exercise. 3 The results on subsequent ambulatory monitoring agree with those in healthy normotensive subjects, in whom ambulatory 10, 12, 14 or home 11 measurements of blood pressure showed that any blood pressure fall immediately after exercise was not sustained during the rest of the day. Prolonged postexercise hypotension seems to be confined to patients with hypertension, in whom blood pressure remained lower than on a non-exercise day during 5 to 13 h postexercise, 10, 12, 14 though some authors disagree. 11, 13 It has even been suggested that the lowering of blood pressure by exercise may contribute to the control of blood pressure in hypertensive patients. 25 Several limitations of the study have to be considered. The results have been obtained in coronary patients who were not hypertensive, had no anginal symptoms during exercise and who were not taking nitrates, so that postexercise hypotension cannot be excluded in patients with such conditions. We studied blood pressure after a rehabilitation session, which is of practical importance in view of the increasing interest in cardiac rehabilitation; the results might be different for investigations in standardised laboratory conditions. The sample size was small, but the nearly identical ambulatory pressures during the exercise and the control day in this randomised cross-over study support the conclusions that hypotension should not be of concern during the rest of the day after a cardiac rehabilitation session in patients with stable coronary artery disease. Ambulatory blood pressure has indeed been shown to be highly reproducible on repeated measurements. 26 In conclusion, in patients with stable coronary artery disease, blood pressure was not different from pressure on a non-exercise control day after a cardiac rehabilitation training session, except for a slightly lower postexercise blood pressure in the standing position.
